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Abstract 



PURPOSE:To obtain the titled apparatus having an excellent display quality by using a silicon oxide as a 
spacer material, thereby making <=3mum a thickness of the liquid crystal layer and making an uniformity and 
ensuring a quick resposibility and a bistability of the titled apparatus. 

CONSTITUTION:A spacer 8 having an uniform thickness of <=3mum is formed on a whole surface of an 
electrosubstrate 3 in a discontinous form. The thickness (d) of the liquid crystal is limitted by the thickness of 
the spacer 8. The spacer 8 composes of a photo-transmission film having an electro-insulating property such 
as a silicon oxide film of Si02. A mask layer is formed on the electrode substrate 3 by a photoetching 
according to a pattern forming method, and then the silicon oxide film composed of Si02 is fomned on the 
patterned part of the mask layer. The silicon oxide film has 1 *3mum the thickness and has an uniformity and 
also the photo-transmission property, and is suitable to use to the spacer material having the 
electroinsulating property. 
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Specifications 

!• Title of the Invention 

METHOD FOR MANUFACTURING LIQUID CRYSTAL APPARATUS 

2. Claim (s) 

A method for manufacturing a liquid crystal apparatus characterized 
by forming a spacer comprising a silicon oxide on at least either one 
of a pair of electrode substrates which face each other, with the space 
between the electrode substrates being regulated by the spacer and a liquid 
crystal being sealed in this space. 

3 . Detailed Specifications 
Field o£ Industrial Application 

The present invention relates to a method for manufacturing a liquid 
crystal apparatus for a light -modulating system in which, e.g., a liquid 
crystal having a ferroelectric property is sealed. 
Background Art 

Display apparatuses using liquid crystals in the past generally are 
twisted-nematic field effect -type displays, and are used widely in 
electronic desktop calculators or computers, digital watches, etc. However, 
despite improvements in liquid crystal materials, cells, drive methods, 
and the like, the high-speed responsiveness was poor, so there were problems 
with the responsiveness thereof when these materials used in particular 
for the latest display apparatuses, TV image displays, portable computer 
display apparatuses, and light shutter apparatuses. 

Therefore, in order to solve the problems pertaining to this 
responsiveness, although light -modulating systems using ferroelectric 
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chiral smectic liquid crystals are used, it is necessary to keep the thickness 
of the liquid crystal layer at 1 to 3 lam to obtain memory, which is a 
feature of such a ferroelectric liquid crystal substance. However, glass 
fibers, aluminum oxide powder, glass, plastic beads, and the like have 
been used in the past for spacers used for regulating the thickness of 
a liquid crystal layer only, and such a spacer is usually 5 ]im or greater, 
so the desired 1 to 3 ym dimensions cannot be obtained. Moreover, it 
was not easy to maintain the uniform thickness of a liquid crystal layer 
due to the dispersion in the spacer dimensions. 
Problems to be Solved by the Invention 

To summarize this, the thickness of the liquid crystal layer in the 
display apparatus for a light -modulating system using a ferroelectric 
liquid crystal in particular could not be maintained at 3 jam or less and 
that thickness could not be kept uniform. Therefore, the high-speed, 
responsiveness and bistability could not be ensured. 

An object of the present invention is to provide a method for 
manufacturing a liquid crystal apparatus so as to solve the aforementioned 
technical problems, make the thickness of the liquid crystal layer 3 ]m 
or less, ensure the high-speed responsiveness and bistability by making 
the thickness thereof uniform, and thus, be able to engineer an improvement 
in display quality. 
Means for Solving the Problems 

The present invention is a method for manufacturing a liquid crystal 
apparatus characterized by forming a spacer comprising a silicon oxide 
on at least either one of a pair of electrode substrates which face each 
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other, with the space between the electrode substrates being regulated 
by the spacer and a liquid crystal being sealed in this space. 
Effects 

In accordance with the present invention, the thickness of the liquid 
crystal layer can be maintained at 3 lom or less by using a silicon oxide 
as the spacer material, and moreover, an improvement in the accuracy of 
the thickness thereof can be engineered. 
Practical Examples 

Figure 1 is a cross section of the liquid crystal apparatus 1. This 
liquid crystal apparatus 1 for a light -modulating system is composed by 
arranging mutually facing transparent electrodes 4 and 5 of two pairs 
of electrode substrates 2 and 3, and orientation films 6 and 7 which have 
been subjected to an orientation treatment, press -contacting them together 
via a sealing material 9, and sealing a ferroelectric chiral smectic liquid 
crystal 10 in the cell space regulated by means of the sealing material 
9 • The pattern of a spacer 8 is formed on the one electrode substrate 
3, and the thickness d of the liquid crystal layer between the electrode 
substrates 2 and 3 is regulated by means of this spacer 8. A pair of 
polarizers 11 and 12 are arranged on the outsides of the electrode substrates 
2 and 3 to effect a function for, e.g., a light shutter apparatus by the 
impression or removal of a prescribed voltage across the upper and lower 
transparent electrodes 4 and 5 . 

In reference to Fig. 2, the molecule 10a of the ferroelectric chiral 
smectic liquid crystal 10 has a spiral structure arranged at a tilt angle 
9 to the axial direction of the spiral shown by the arrow a. This liquid 
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crystal molecule 10a has a spontaneous polarization in the direction 
orthogonal to the individual molecules. Now, if an electric field E of 
a constant critical electric field is applied across the upper and lower 
electrode substrates 2 and 3, the spiral structure of the liquid crystal 
molecule 10a is eliminated, and the liquid crystal molecules 10a are oriented 
in entirely the same direction. Since the array of these liquid crystal 
molecules 10a is due to spontaneous polarization, there are two directions 
of arrangement according to the orientations E9 to -E of the electric 
field. .The liquid crystal molecules 10a each haye a long slender shape 
and exhibits birefringence with different refractive indexes in the major 
axial direction and axial direction of the spiral. Hence, by orthogonally 
arranging the polarizers 11 and 12 above and below the electrode substrates 
2 and 3, a light -modulating apparatus, which performs switching according 
to the electric field polarity can be obtained. A change in the laminar 
structure of a twisted-nematic field effect-type display is not accompanied 
by a change in the array of these liquid crystal molecules 10a since the 
orientation of the molecules changes only. Therefore, there is high-speed 
responsiveness . 

Furthermore, the spiral also can be eliminated by decreasing the 
thickness d of the liquid crystal layer according to the spiral pitch 
of the liquid crystal molecules 10a in a regular state in which an electric 
field is not applied. In this case, also, the direction of arrangement 
of the liquid crystal molecules 10a exhibits two directions and has 
bistability. Therefore, when the electric field E is applied, all of 
the liquid crystal molecules 10a are arrayed in a molecular array in which 
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they incline at a tilt angle of 9 to the axial direction a of the spiral, 
and the orientation of a bistable state may be obtained, as shown in Figure 
2(2) . But this state continues to be maintained even if the electric 
field is turned off. Vis-a-vis, if an electric field -E is applied, all 
of the liquid crystal molecules 10a are arranged in a molecular array 
in which they incline at a tilt angle -9 to the axial direction a of the 
spiral, and an arrangement in a stable state may be obtained, as shown 
in Figure 2(2) . But this state continues to be maintained even if the 
electric field is turned off. Thus, by decreasing the thickness d of 
the liquid crystal layer, bistability can be obtained simultaneous to 
obtaining high-speed responsiveness. 

According to the light -modulating system utilizing the above 
birefringence phenomenon, the relationship between the beam dose rate 
lo and the transmitted beam intensity I in Fig. 2(2) is shown by the 1^*" 
expression and the relationship thereof in Fig. 2(3) is shown by the 2""*^ 
expression. 

1 « D { n 

Here, An represents the refractive index anisotropy of the ferroelectric 
chiral smectic liquid crystal 10; d represents the thickness of the 
ferroelectric chiral smectic liquid crystal layer; and 9 represents the 
spiral tilt angle of the ferroelectric chiral smectic liquid crystal 10. 

The state shown in Fig. 2(2) is shown in Figure 3 as a case in which 
the wavelengths A thereof are 450 nm, 550 nm, and 650 nm. It is seen 



6 



that the transmitted beam intensity I depends strongly on AN-d and the 
wavelength A when e=n/8 • Therefore, in the visible light wavelength region, 
it is necessary to set the AN • d in.a range of 0 . 2 to 0 . 3 . Thus , a satisfactory 
non-colored display element can be obtained. Moreover, the refractive 
index anisotropy AN of the ferroelectric chiral smectic liquid crystal 
10 is generally about 0.1 to 0.2; hence, a value of 1 to 3 ]im is most 
suitable for the thickness d of the liquid crystal layer. In addition, 
in order to obtain a bistable state, the value of the thickness d of the 
liquid crystal layer needs to be smaller than the spiral pitch of the 
ferroelectric chiral smectic liquid crystal 10, and from this standpoint, 
it is understood that it is suitable to select a thickness d of 1 to 3 
ym for the liquid crystal layer. 

The above-mentioned example of the ferroelectric chiral smectic liquid 
crystal 10 is as shown in Table 1. 

Table 1 
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Figure 4 is a cross section observed along the cut surface line IV- IV 
in Fig. 1. Spacers 8 having a uniform thickness of 2 ]m or less over 



7 



its entire surface are formed dotted on the electrode substrate 3 . The 
thickness d of the liquid crystal layer is regulated by the thickness 
of such spacers 8, which spacer 8 comprises a light -transmitting film, 
e.g., a silicon oxide film, such as Si02/ having an electrical insulating 
property. 

While performing pattern formation of such a spacer 8, as one example 
thereof, a mask layer is first formed as a pattern on the one electrode 
substrate 3 by photoetching, and subsequently, a silicon oxide film 
comprising SiOa or the like is formed into the patterned part of the mask 
layer in a vapor deposition method, sputtering, spinner coating method, 
CVD (chemical vapor phase growth) method, etc. The thickness of this 
silicon oxide film is 1 to 3 lim (set to 3 lom in this practical example), 
and is uniform, respectively. This silicon oxide film can be used ideally 
as the material for the spacers because it has light transparency and 
electrical insulation property. After that, the mask layer outside the 
silicon oxide film formed in the patterned part of this mask layer is 
removed. Thus, the silicon oxide film having a dotted shape, as shown 
in Fig. 4, is formed as a plurality of dots. 

The spacer 8 comprising a silicon oxide film is formed as a pattern 
on the electrode substrate 3 in this way, after which an orientation treatment 
of the through-hole 7 is performed, and also, a sealing material 9, such 
as an epoxy-based adhesive, is applied around the entire periphery of 
the peripheral portion 13 thereof. A cell space is subsequently formed 
by overlapping this on the other oriented electrode substrate 2 and adhering 
them to each other with the sealing material 9, and the ferroelectric 
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chiral smectic liquid crystal is sealed inside the cell space thereof. 
The thickness d of this liquid crystal layer is equivalent to the thickness 
of the spacer 8. Therefore, it is uniform and also 3 iim or less; hence, 
the high-speed responsiveness and the bistability of the ferroelectric 
chiral smectic liquid crystal 10 are ensured. Therefore, a liquid crystal 
apparatus for a light -modulating system having an outstanding display 
quality can be obtained. 

The shape of the spacer 8 is not limited to a dotted shape, as mentioned 
above; it can be, e.g., a longitudinal shape. Moreover, the quantity, 
shape, and arranged pattern of the spacers 8 can be selected arbitrarily 
according to the patterning mode for the mask layer; hence, the design 
and modifications can be performed very smoothly, depending on the type 
of liquid crystal cell. 

In the aforesaid practical example, although a spacer 8 comprising 
a silicon oxide film was used in the liquid crystal apparatus for a 
light -modulating sys temusing a ferroelectric chiral smectic liquid crystal , 
the liquid crystal apparatus is not limited to this, and a liquid crystal 
apparatus can be constituted using a smectic liquid crystal, etc. 
Advantages of the Invention 

According to the present invention as above, by forming a silicon 
oxide film as the material for the spacer, the thickness of the liquid 
crystal layer can be set uniformly to 3 lomor less. Therefore, the high-speed 
responsiveness and bistability are ensured, and a liquid crystal apparatus 
having an outstanding display quality can be obtained. 
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4, Brief Description of the Drawings 

Figure 1 is a cross section of the liquid crystal apparatus 1 in 
accordance with the present invention; Figure 2 is a drawing schematically 
showing the liquid crystal molecules 10a; Figure 3 is a drawing for describing 
the transmitted beam intensity I of the ferroelectric chiral smectic liquid 
crystal 10; and Figure 4 is a cross section observed along the cut surface 
line IV- IV in Fig. 1. 

1: liquid crystal apparatus; 2,3: electrode substrates; A, 5: 
transparent electrodes; 8: spacer; 10: ferroelectric chiral smectic liquid 
crystal 
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figure 1. 
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